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57] ABSTRACT

A ROM 1n the control circuit of a color printer stores a
threshold matrix. The individual elements of the threshold
matrix correspond to print dots, the number of which 1s XxY
and which form 1 pixel in the original image. Values t (X, y)
which are mntegral numbers not less than O are assigned one
to each of the mndividual elements 1n a predetermined order.
Using the threshold matrix, the CPU of the control circuit
creates mask patterns for representing halftones. A value of
1 1s subtracted from the tone number allotted to the tone of
color of a pixel 1n an 1mage to be printed, and the resultant
value 1s substituted for a variable G. When a gradation for
image data representing the pixel 1s given as “g”’, the
condition required for setting ON (transferring toner to
print) the dot specified by the coordinates (X, y) in the pixel

e 2

in the case of the gradation “g” 1s expressed by the following
formula (6):

t (%, y)S=gxXxY/G (6)

Based on the threshold matrix and the formula (6), the CPU
of the control section creates mask patterns 1n the case where

A

the gradation “g” takes values O to G-1 1n sequence, and
develops those mask patterns in a RAM.

18 Claims, 14 Drawing Sheets
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FIG.2
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FIG.3

/ 222
THRESHOLD MATRIX t(x, y)

 0/32] 8/40| 2/34[10]42
48 | 16 | 56 | 24 | 50 | 18 | 58 | 26
12 /44| 413614 /46| 6|38
60|28 | 52|20 62]30|54 |22
 3[35]11/43| 1/33| 9|41
5119|5927 |49 | 17 | 57 | 25
15147 | 7[39]|13|45] 537
63 [31]55[23]|61]29]|53]21




U.S. Patent Aug. 29, 2000 Sheet 4 of 14 6,111,658

FIG.4
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FIG.7
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DITHER METHOD AND PRINTING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a dither method and a
printing apparatus adopting the dither method.

2. Description of the Related Art

Conventionally known 1s an electrophotographic color
printer which prints an image on a sheet of paper through the
use of toners of four colors of yellow (Y), magenta (M),
cyan (C) and black (K) by setting each of dots for one color
ON (transferring a toner) or OFF (transferring no toner) and
thereafter setting each of dots for another color ON or OFF
in accordance with 1mage data. In the case of printing a
halftone 1mage with the electrophotographic color printer,
the number of dots per unit area (e.g. 1 pixel) is varied. This
1s known as dithering, which 1s an area gradation technique
of comparing the values representing the tones of colors
(gradations) in an image to be printed with a threshold value
calculated by a predetermined rule and determining printing/
non-printing in accordance with whether the values repre-
senting the tones are equal to or greater/less than the
threshold value.

There are two types of dithering methods. One 1s a
conditional determination method of determining the thresh-
old values of the pixels which are to form an 1mage 1 a
gradation of colors, 1n consideration of the tones of colors of
their circumferential pixels. The other 1s an i1ndependent
determination method of determining the threshold values
without taking the tones of colors of the circumferential
pixels mto consideration. Generally speaking, the indepen-
dent determination method 1s easier than the conditional
determination method, and the processing according to the
independent determination method can be executed at higher
speed. In light of this, the independent determination method
1s often employed to print halftone images with a color
printer.

However, the color printer which represents halftones
according to the above-described dithering methods, 1n
particular, one known as the independent determination
method, has the following problem:

Image data items corresponding to pixels forming an
image such as a character or figure to be printed are each
expressed 1n two values representing printing/non-printing
(ON/OFF). Due to this, when representing halftones accord-
ing to the independent determination method, mask patterns
of the number corresponding to the number of tones of
colors 1n an 1mage to be printed have to be prepared based
on a threshold matrix whose elements are expressed using O
and 1. Theretfore, as the number of gradations to be repre-
sented 1ncreases, the mask patterns of the number corre-
sponding thereto become necessary, which results 1 a
large-capacity memory being required.

The color printer prints a color image on a sheet of paper
by printing monochrome 1mages of the colors Y, M, C and
K so as to be superposed on one another. In order to
represent halftones with the Y, M, C and K monochrome
images, the color printer may use the same mask pattern for
Y, M, C and K pixels if those pixels are to be printed having
the same gradation. In this case, however, moire can occur
if the printer fails to print the images of the individual colors
in the appropriate positions on the sheet of paper. In con-
sideration of this, the mask patterns of the number corre-
sponding to the number of gradations to be represented have
to be prepared for each of the colors Y, M, C and K.
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2
SUMMARY OF THE INVENTION

It 1s accordingly an object of the present invention to
provide both a dithering method, which does not require that
mask patterns for dithering be prestored 1n a storage medium
such as a ROM and which therefore can reduce the capacity
of the storage medium, and a printing apparatus employing
the dithering method.

According to the first aspect of the present invention, in
order to achieve the above-described object, there 1s pro-
vided a dithering method comprising:

a matrix storing step of storing in a first memory a matrix
of elements serving as pieces ol order information;

a mask pattern creating step of determining mask loca-
tions 1n accordance with the pieces of order information
in the matrix and creating mask patterns each conform-
ing to one of gradations 1n an 1mage to be printed;

a dithering step of masking image data with the mask
pattern conforming to one of the gradations which
corresponds to the 1mage data; and

an 1mage developing step of developing the image data

masked by the dithering step 1in a frame memory.

In the above-described dithering method, the mask pat-
terns conforming to the gradations in the 1image to be printed
are created by the mask pattern creating step 1n accordance
with the matrix stored in the first memory. Thus, it 1s not
necessary to prestore such mask patterns for dithering 1n a
storage medium such as a ROM. Accordingly, the storage
capacity of the storage medium can be reduced.

The above dithering method may further comprise a mask
pattern storing step of storing the mask patterns created by
the mask pattern creating step 1n a second memory. In this
case, of the mask patterns stored in the second memory by
the mask pattern storing step, the mask pattern conforming
to the gradation corresponding to the image data 1s used to
mask the image data i1n the dithering step.

In the above dithering method, the first memory may be
a nonvolatile storage medium (e.g. a ROM). In this case, the
matrix storing step 1s a step of prestoring the matrix in the
nonvolatile storage medium.

In the above dithering method, the matrix can include a
basic matrix having elements serving as pieces of order
information and an arrangement matrix having elements
serving as pieces of order mnformation specifying an order in
which the elements of the basic matrix are arranged. In this
case, the mask pattern creating step 1s a step of determining
the mask locations 1n accordance with the pieces of order
information 1n the basic matrix and the pieces of arrange-
ment 1information in the arrangement matrix, i order to
create the mask patterns.

The use of the basic matrix and the arrangement matrix
permits a unit for dithering to be variable. Even 1n the case
where the number of dots, which 1s the unit for dithering,
becomes large, the capacity of the storage medium {for
storing the matrices need not be increased significantly.

The above dithering method may further comprise:

a checking step of checking, in the mask pattern storing
step, a storage capacity of the second memory which
can store the mask patterns; and

a gradation number determining step of determining the
number of gradations which corresponds to the number
of mask patterns the second memory can store with the
storage capacity checked by the checking step.

In this case, the mask pattern creating step 1s a step of

creating mask patterns of the number determined by the
oradation number determining step.
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In the above case, since the number of gradations 1s
determined 1n the gradation number determining step in
accordance with the capacity reserved as the second
memory, the storage medium (e.g. a RAM) employed as the
second memory can be used with efficiency.

According to the second aspect of the present invention,
in order to achieve the above-described object, there 1is
provided a printing apparatus comprising;

a first memory for storing a matrix of elements serving as

pieces of order information;

mask pattern creating means for determining mask loca-
tions 1n accordance with the pieces of order information
in the matrix stored in the first memory and creating

mask patterns each conforming to one of gradations in
an 1mage to be printed;

a second memory for storing the mask patterns created by
the mask pattern creating means;

mask means for masking image data input from a host
apparatus with the mask pattern conforming to one of
the gradations which corresponds to the 1mage data;

a frame memory in which the image data masked by the
mask means 1s developed; and

printing means for printing on a sheetlike recording
medium an image which the image data developed 1n
the frame memory represents.

In the above-described printing apparatus, the mask pat-
tern creating means creates the mask patterns conforming to
the gradations 1n the 1mage to be printed, in accordance with
the matrix stored in the first memory. Thus, it 1s not
necessary to prestore such mask patterns for dithering in a
storage medium such as a ROM. Accordingly, the storage
capacity of the storage medium employed as the first
memory can be reduced.

In the above printing apparatus, the frame memory may
include a plurality of frame memories 1n which 1mage data
items showing different colors are developed. The {irst
memory can store, 1n association with the different colors, a
plurality of matrices each having elements serving as pieces
of information. The mask pattern creating means may create
a plurality of mask patterns for each of the different colors
by using the plurality of matrices stored 1n the first memory.
The mask means may mask each image data item developed
in the plurality of frame memories with the mask patterns
created for the color shown by the image data i1tem. The
printing means can print a plurality of images on the
recording medium 1n a state of being superposed on one
another, the plurality of 1mages corresponding to the image
data 1items developed 1n the plurality of frame memories and
which show the different colors.

In such a printing apparatus for printing a color 1image,
mask patterns for dithering are required for an 1mage of each
color 1n order to prevent moire from occurring. The present
invention when applied to such a color image printing
apparatus 1s considerably advantageous as regards that the
capacity of the first memory can be reduced.

In the above-described printing apparatus, the matrix may
include a basic matrix having elements serving as pieces of
order information and an arrangement matrix having ele-
ments serving as pieces of order information specifying an
order in which the elements of the basic matrix are arranged.
In this case, the mask pattern creating means determines the
mask locations 1n accordance with the pieces of order
information 1n the basic matrix and the pieces of arrange-
ment information in the arrangement matrix, 1n order to
create the mask patterns.

In that case, the 1image data input from the host apparatus
may represent pixels each of which corresponds to some of
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4

dots forming the printed 1mage, and the above-described
printing apparatus may further comprise discriminating
means for discriminating the number of dots corresponding
to one pixel. It 1s preferred that the basic matrix correspond
to one pixel.

In the above-described case, the use of the basic matrix
and the arrangement matrix permits a unit for dithering to be
variable. Even 1n the case where the number of dots, which
1s the unit for dithering, becomes large, the capacity of the
storage medium employed as the first memory need not be
increased significantly.

The above-described printing apparatus may further com-
prise:

checking means for checking a storage capacity of the

second memory; and

ogradation number determining means for determining the
number of gradations which corresponds to the number
ol mask patterns the second memory can store with the
storage capacity checked by the checking means.

In that case, the mask pattern creating means creates mask
patterns of the number determined by the gradation number
determining means.

In the above-described case, since the number of grada-
tions 1s determined 1n the gradation number determining in
accordance with the capacity reserved as the second
memory, the storage medium (e.g. a RAM) employed as the
second memory can be used with efficiency.

The mask pattern creating means of the above-described
printing apparatus may include adjusting means for adjust-
ing the mask patterns created so that the image which 1is
printed on the recording medium conforms 1n gradation to
the 1mage to be printed.

In that case, the first memory stores a plurality of matrices
and pieces of adjustment imformation 1n association with
cach other, the plurality of matrices being different from
cach other 1n an arrangement of elements, and the pieces of
adjustment 1information being used for adjusting the mask
patterns so that the 1mage which 1s printed on the recording
medium conforms 1n gradation to the 1mage to be printed.
The adjusting means adjusts the mask patterns in accordance
with the pieces of adjustment information.

In the above printing apparatus, the first memory, for
example, may be a nonvolatile storage medium (e.g. a
ROM), while the second memory may be a volatile storage

medium (e.g. a RAM).

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a diagram showing the structure of a color
printer according to the first embodiment of the present
mvention;

FIG. 2 1s a block diagram showing the structure of a
control circuit in the color printer illustrated 1in FIG. 1;

FIG. 3 1s a diagram showing a threshold matrix stored 1n
the ROM 1llustrated in FIG. 2;

FIG. 4 1s a flowchart showing a mask pattern creating,
process according to the first embodiment of the present
mvention;

FIGS. 5A to 51 are diagrams exemplifying mask patterns
created by the process shown 1n the flowchart of FIG. 4;

FIG. 6A 1s a diagram showing a basic pattern matrix
stored 1n the ROM 1llustrated in FIG. 2;

FIGS. 6B to 6D are diagrams showing arrangement
pattern matrices stored mm the ROM illustrated in FIG. 2
according to the second embodiment of the present mnven-
tion;
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FIG. 7 1s a flowchart showing a threshold matrix creating,
process according to the second embodiment of the present
mvention;

FIG. 8 1s a diagram exemplifying the threshold matrix
created by the process shown 1n the flowchart of FIG. 7;

FIG. 9 1s a flowchart showing a mask pattern creating,
process according to the third embodiment of the present
mvention;

FIG. 10 1s a flowchart showing a mask pattern creating
process according to the fourth embodiment of the present
mvention;

FIG. 11A1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be

printed and the number of ON dots according to the process
shown 1n FIG. 10;

FIG. 11B 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the thickness of a pixel n a printed 1mage
according to the process shown n FIG. 10;

FIG. 12A 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the number of ON dots when the number of ON
dots 1s varied linearly;

FIG. 12B 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the thickness of a pixel in a printed image when
the number of ON dots 1s varied linearly;

FIG. 13 1s a flowchart showing a mask pattern creating,
process according to the fifth embodiment of the present
mvention;

FIG. 14A 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the thickness of a pixel in a printed 1mage when
printing 1s performed using a center-type dither pattern
according to the process shown 1n FIG. 13;

FIG. 14B 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the thickness of a pixel in a printed 1mage when
printing 1s performed using a dispersion-type dither pattern
under the condition wherein the toner blur ratio 1s 150%; and

FIG. 14C 1s a graph showing the relationship between the
tone of color (gradation ratio) of a pixel in an image to be
printed and the thickness of a pixel in a printed 1mage when
printing 1s performed using a dispersion-type dither pattern
according to the process shown i1n FIG. 13.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

First Embodiment

The first embodiment of the present invention will now be
described with reference to the accompanying drawings.

Exemplified 1n the first embodiment 1s an electrophoto-
graphic color printer which prints a color image on a sheet
of paper through the use of toners of four colors yellow (Y),
magenta (M), cyan (C) and black (K) by printing dithered
halftone 1mages of the individual colors so as to be super-
posed on one another.

FIG. 1 1s a diagram showing the structure of the color
printer according to the first embodiment. As shown 1n FIG.
1, the color printer includes a printer engine 1, a control
circuit 2 for controlling the operation of the printer engine 1,
and an operation panel 3 for externally providing instruc-
tions to the color printer.
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6

The printer engine 1 includes developing units 11K
(black), 11Y (yellow), 11M (magenta), 11C (cyan), LED
heads 12K, 12Y, 12M, 12C, photosensitive drums 13K, 13,
13M, 13C, charging brushes 14K, 14Y, 14M, 14C, transfer
units 15K, 15Y, 15M, 15C, a conveying belt 16, a fixing unit
17 and a sheet feeding cassette 18. The developing units
11K, 11Y, 11M and 11C include developing rollers 111K ,
111Y, 111M and 111C, respectively.

The developing units 11K, 11Y, 11M and 11C bear the
toners of their corresponding colors and adhere the toners to
the photosensitive drums 13K, 13Y, 13M and 13C via the
developing rollers 111K, 111Y, 111M and 111C, respec-
fively. The LED heads 12K, 12Y, 12M and 12C emit light in
accordance with 1image data sent from the control circuit 2.
The photosensitive drums 13K, 13Y, 13M and 13C are
charged with electricity by the charging brushes 14K, 14,
14M and 14C, respectively, and are exposed to the light
emitted from the LED heads 12K, 12Y, 12M and 13C. The
toners are adhered via the developing rollers 111K, 111Y,
111M and 111C to those parts of the photosensitive drums
13K, 13Y, 13M and 13C which have been exposed to the
light. The transfer units 15K, 15Y, 15M and 15C apply a
predetermined voltage to the photosensitive drums 13K 13Y,
13M and 13C through a sheet of paper P, thereby transfer-
ring the toners to the sheet of paper P from the photosen-
sitive drums 13K, 13Y, 13M and 13C. The conveying belt 16
conveys, one by one, sheets of papers held in the sheet
feeding cassette 18. The fixing unit 17 has a heater, which
ogenerates heat to 1ix the toners transferred by the transfer
units 15K, 15Y, 15M and 15C to the sheet of paper P. The
sheet feeding cassette 18 holds plural sheets of paper P.

As shown 1n FIG. 2, the control circuit 2 has a CPU 21,
a ROM 22, a RAM 23, a font ROM 24, a video interfaces
25y, 25m, 25c, 25k, an operation panel interface 26, a
parallel mterface 27, a serial interface 28, a card interface
29, all being connected to each other via a bus.

The CPU 21 executes a program stored in the ROM 22,

performs various processing necessary to print images, and
controls the individual internal parts of the control circuit 2.
The CPU 21 generates a mask pattern (described later) in
accordance with gradation information contained 1n print
information sent from a host such as a personal computer
through the parallel interface 27 or the serial interface 28,
and stores the mask pattern in mask pattern areas 23ay,
23am, 23ac or 23ak of the RAM 23. In accordance with the
print information sent from the host such as a personal
computer through the parallel interface 27 or the serial
interface 28, the CPU 21 develops the corresponding image
data 1in frame memories 23by, 23bm, 23bc and 23bk. Further,
the CPU 21 controls the operations of the individual parts of
the printer engine 1 via a drive circuit (not shown).

The ROM 22 stores a processing program for the CPU 21,
and has an area 22a for storing a threshold matrix used to
ogenerate a dithering mask pattern which will be described
later. FIG. 3 shows an example of the threshold matrix. In
this example, the threshold matrix 1s an 8x8 matrix, and each
of the individual elements constituting the threshold matrix
corresponds to one of the dots forming an 1mage to be
printed. The numerals shown in the individual elements of
the threshold matrix indicate the order of priority 1n which
the dots are set ON (the transfer of the toners) in accordance
with the gradations in the original image input from the host.

A plurality of threshold matrices are prepared each for one
of the colors Y, M, C and K.

The RAM 23 has the mask pattern areas 23ay, 23am 23ac
and 23ak, the frame memories 23by, 23bm, 23bc and 23bk,
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a buifer area and a work areca for the CPU 21. The buffer arca
stores the print information which 1s sent from the host
through the parallel interface 27 or the serial interface 28 and
which contains any character code and position information
concerning an 1mage to be printed, the gradation information
specifying to the gradations in the 1mage to be printed, etc.
The mask pattern areas 23ay, 23am, 23ac and 23ak store the
mask patterns created 1n accordance with the threshold
matrices for the colors Y, M, C and K. Font patterns read out
from the font ROM 24 in accordance with character codes,
for example, are developed 1n the frame memories 23by,

23bm, 23bc and 23bk.

The font ROM 24 stores the font patterns corresponding,
to the character codes. The video interfaces 25y, 25m, 25¢
and 25k are connected to the LED heads 12Y, 12M, 12C and
12K of the printer engine 1, respectively. Image data stored
in the frame memories 23by, 23bm, 23bc and 23bk are sent
to the LED heads 127Y, 12M, 12C and 12K through the video
interfaces 25y, 25m, 25¢ and 25k. The operation panel
interface 26 1s connected to the operation panel 3. The
parallel interface 27 and the serial interface 28 are to be
connected to the host such as a personal computer. The card
interface 29 1s to be connected to a card such as a function
expansion card inserted in a card slot (not shown).

The operation panel 3 illustrated in FIG. 1 has switches
like an environment setting switch, a mode setting switch
and a reset switch. When a user operates a switch provided
on the operation panel 3, a command 1s sent to the control
circuit 2.

The operation of the color printer according to the first
embodiment will now be described.

When the print information 1s sent from the host such as
a personal computer through the parallel interface 27 or the
serial interface 28, the print information 1s stored in the
buffer arca of the RAM 23. Upon receiving the print
information, the CPU 21 generates mask patterns of the
number corresponding to the gradation information con-
tained 1n the print information.

FIG. 4 1s a flowchart showing a process by which the CPU
21 of the color printer according to the first embodiment
generates a mask pattern.

When the number of horizontal dots per row 1n the
threshold matrix forming the mask pattern 1s given as X and
the number of vertical dots per column in the threshold
matrix 1s given as Y, the x coordinates of the horizontal
clements of the threshold matrix are represented as x=0,
1,...,X-1, while the y coordinates of the vertical elements
of the threshold matrix are represented as y=0, 1, . . ., Y-1.
The threshold values shown in the individual elements
forming the threshold matrix are represented as t (X, y). The
tone of color of each pixel in an 1mage 1s expressed 1n an
integral number equal to or greater than O (the integral
numbers representing the tones of colors of the pixels will be
hereinafter referred to as the tone numbers). The greater the
tone numbers, the deeper the colors.

In the flowchart shown 1 FIG. 4, mask patterns of the
number according to the gradation information are created

for the individual colors Y, M, C and K, based on the
threshold matrices stored in the ROM 22 [loop 1 (steps S11
and S11")].

In the loop 1 (the steps S11 and S11"), the CPU 21 reads
out, from that buffer area of the RAM 23 which stores the
oradation information, the tone number specifying the tone
of color of each pixel in the image to be printed, and
substitutes the value obtained by subtracting 1 from the tone
number for a variable G (step S12).
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After the CPU 21 substitutes the value obtained by
subtracting 1 from the tone number for the variable G 1 the
step S12, 1t executes a process for creating mask patterns one

in association with each of the values 0 to G of gradations
“o” [loop 2 (steps S13 to S13')].

In the loop 2 (the steps S13 and S13'), the CPU 21
sequentially changes the values of x and y, and determines
whether to set a dot ON (transfer a toner) or to set a dot OFF
(transfer no toner) in regard to every combination of (x, y)
[loop 3 (steps S14 and S14') and loop 4 (steps S15 and
S15Y)].

In the loop 3 (the steps S14 and S14") and the loop 4 (the
steps 15 and 15", the CPU 21 performs the arithmetic
operation shown below as formula (1), and determines
whether the formula (1) is satisfied or not (step S16):

t (X, y)<gxXxY/G (1)

When the CPU 21 determines in the step S16 that the
formula (1) 1s not satisfied, it executes no processing and
cgoes to the steps to be carried out as regards the next
combination of (x, y) shown in the loops 3 and 4. When the
CPU 21 determines in the step 16 that the formula (1) is
satisfied, it sets ON the dot specified by the coordinates (X,
y)on a mask pattern to be created (step S17), and goes to the
steps to be carried out as regards the next combination of (X,
y) shown in the loops 3 and 4.

The loops 3 and 4 terminate when the steps S16 and S17
have been executed 1n association with all combinations of
(X, y). The loop 2 terminates when the loop 3 has been
executed 1n association with all values of the gradations “g”.
The loop 1 terminates when the loop 2 has been executed in
regard to all of the colors Y, M, C and K. The mask patterns
for Y, M, C and K are created in the above-described
manner, and are stored in the mask pattern areas 23ay, 23am,
23ac and 23ak. The number of mask patterns stored 1n each
mask pattern area corresponds to the number of tones.

The mask pattern creating process described above will
now be described giving a specific example.

This example 1s connected with the threshold matrix
shown 1n FIG. 3, and X and Y are given as X=8 and Y=S8.
The number of tones, which 1s designated by the gradation
information contained 1n the print information, 1s nine. Mask
patterns for only one color are shown in this example.
However, mask patterns for the other colors are created as
well.

In the case of a gradation “g” of O in the first processing
within the loop 2 (the steps S13 and S13'), the relation t (x,
y)<0 is attained as a result of the arithmetic operation shown
by the formula (1). No threshold values satisfy this relation
(the step S16). Hence, as shown in FIG. 5A, no dot is set ON
in a mask pattern 1n the case of a gradation “g” of 0.

In the case of a gradation “g” of 1 1n the next processing,
within the loop 2, the relation t (X, y)<8 1s attained as a result
of the arithmetic operation shown by the formula (1). When
both x and y are 0, t (X, y) is expressed as t (0, 0), which
corresponds to the threshold value 0. This threshold value
satisfies the above relation (the step S16), and consequently
the dot specified by the coordinates (0, 0) is set ON. When
x and y are 0 and 1, respectively, t (X, y) is expressed as t (0,
1), which corresponds to the threshold value 32. This
threshold value does not satisfy the above relation, and
therefore the dot specified by the coordinates (0, 1) is kept
OFF. Similarly the processing within the loops 3 and 4 1s all
performed, as a result of which the mask pattern shown 1n
FIG. 5B, where predetermined dots have been set ON, 1is

created.
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FIGS. 5C to SI show the mask patterns created by the
above-described process 1n the case of gradations “g” of 2 to
G.

In the case of developing image data of the colors Y, M,
C and K 1n the frame memories 23by, 23bm, 23bc and 23bk,
respectively, 1n accordance with color information, character
codes, etc. which are contained 1n the print information sent
from the host, mask pattern data corresponding to the tones
speciflied by the color information 1s read out from the mask
pattern areas 23ay, 23am, 23ac and 23ak, and AND opera-
fions are performed with respect to the image data and the
corresponding dots 1n the mask patterns.

When 1-page image data has been developed 1n the frame
memories 23by, 23bm, 23bc and 23bk, the CPU 21 reads out,

for example, 1-line data from the frame memory 23bc
storing the 1mage data of the color C the toner of which 1s
to be transferred first on a sheet of paper P, and outputs the
read-out data as parallel data to the video interface 25¢. The
video 1nterface 25¢ converts the parallel data to serial data,
and sequentially outputs the serial data to the LED head

12C. After outputting the data of the color C, the CPU 21
similarly processes the data of the color M. After outputting
the data of the color M, the CPU 21 also processes the data
of the color Y as well. After outputting the data of the color
Y, the CPU 21 processes the data of the color K as well.
After outputting the data of the color K, then the CPU 21
similarly processes the next-line data of the color C.

In accordance with the image data output thus, the LED
heads 12C, 12M, 12Y and 12K radiate light onto their
respective photosensitive drums 13C, 13M, 13Y and 13K 1n
synchronization with each other, under the control of the
CPU 21. The toners supplied from the developing units 11C,
11M, 11Y and 11K are adhered through the developing
rollers 111C, 111M, 111Y and 111K to those parts of the
photosensitive drums 13C, 13M, 13Y and 13K which are
exposed to the light. The photosensitive drums 13C, 13M,
13Y and 13K are in synchronization with each other under
the control of the CPU 21, and the toners of the individual
colors C, M, Y and K are sequentially transferred to a sheet
of paper P via the transfer units 15C, 15M, 15Y and 15K,
whereby 1mages 1n the colors C, M, Y and K are formed on
the sheet of paper P with being superposed on one another,
thus printing a color image on the sheet of paper P.

According to the color printer of the first embodiment, as
described above, the mask patterns for realizing halftones
are created 1in accordance with a threshold matrix. The mask
patterns need not be prestored in the ROM 22. The number
of mask patterns to be created needs only be equal to the
number of tones.

Second Embodiment

The second embodiment of the present invention will now
be described with reference to the accompanying drawings.

Explained 1n the second embodiment 1s a color printer
which uses, as threshold matrices, two types of matrices
which are a basic pattern matrix and an arrangement pattern
matrix.

The structure of the color printer according to the second
embodiment 1s substantially the same as that of the first
embodiment, except that a threshold matrix stored in the
ROM 22 of the color printer of the second embodiment 1s
different from that of the first embodiment. The number of
dots forming the threshold matrix 1s variable. The print
information sent from the host contains information
(hereinafter referred to as the pixel information) indicating
the number of dots forming a print image which 1s output
from the printer and which corresponds to 1 pixel in the
original 1mage input from the host.
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The threshold matrix of the second embodiment will now
be described. The threshold matrix 1s constituted by the
basic pattern matrix shown 1n FIG. 6A and the arrangement
pattern matrices shown 1 FIGS. 6B to 6D.

The basic pattern matrix 1s a basic-unit matrix forming the
threshold matrix. FIG. 6 A shows the case where the basic-
unit matrix consists of 8x8 dots. The arrangement pattern
matrices are used to create mask patterns based on that
threshold matrix. FIGS. 6B to 6D show the arrangement
patterns to create mask patterns in the case where the
number of vertical dots and the number of horizontal dots
are quadrupled, trebled and doubled. By adopting a combi-
nation of the basic pattern matrix shown 1n FIG. 6 A and the
arrangement pattern matrix shown in FIG. 6B, mask patterns

in the case of 1024 dots (=(8x4)x (8x4) dots) can be created.
By employing a combination of the basic pattern matrix
shown 1n FIG. 6 A and the arrangement pattern matrix shown
in FIG. 6C, mask patterns in the case of 576 dots (=(8x3)x
(8x3) dots) can be created. By adopting a combination of the
basic pattern matrix shown 1n FIG. 6A and the arrangement
pattern matrix shown in FIG. 6D, mask patterns in the case
of 256 dot (=(8x2)x(8x2) dots) can be created. The basic
pattern matrix of FIG. 6A and the arrangement pattern
matrices of FIGS. 6B to 6D are prepared for each of the
colors Y, M, C and K.

The operation of the color printer according to the second
embodiment will now be described.

When the print information 1s supplied from a host such
as a personal computer through the parallel mterface 27 or
the serial interface 28, the print information 1s stored 1n the
buffer area of the RAM 23. Upon reception of the print
information, the CPU 21 creates the threshold matrix
according to the pixel information contained in the print
information.

FIG. 7 1s a flowchart showing a threshold matrix creating,
process executed by the CPU 21 of the color printer accord-
ing to the second embodiment.

Here the number of vertical dots and the number of
horizontal dots 1n the basic unit of the mask patterns are
orven as X and y', respectively. The x coordinates of the
clements of the basic pattern matrix are represented as x1=0,
1,...,(x'-1), while the y coordinates of those elements are
represented as y1=0, 1, . . ., (y'-1). The threshold values
shown 1n the elements of the threshold matrix are expressed
as s(x1, y1). The number of vertical dots and the number of
horizontal dots 1n a print 1mage, which corresponds to 1
pixel 1n the original image, are given as X and Y,
respectively, and are specified by the print information. The
arrangement pattern matrix to be used 1s determined by x"
and y" obtained 1n the manner which will be explained later.
The x coordinates of the elements of the threshold matrix are
represented as x2=0, 1, . . ., (x"-1), while the y coordinates
of those elements are represented as y2=0, 1, ..., (y"-1). The
numerals shown 1n the individual elements of the threshold
matrix are represented as r (x2, y2).

When the process starts, the CPU 21 reads out, from that
buffer area of the RAM 23 which stores the pixel
information, the number X of vertical dots and the number
Y of horizontal dots of the print image to be reproduced from
1 pixel in the original image (step S21). The CPU 21 divides
X by x', and substitutes the result of the division for x". The
CPU 21 divides Y by y", and substitutes the result of the
division for y" (step S22). An arrangement pattern matrix to
be used to create the threshold matrix 1s determined in
accordance with the result of the calculations in the step S22.

When the CPU 21 finishes the processing in the step S22,
it executes the processing within four loops 1 to 4. In the
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loop 1, the value x1 representing an x coordinate on the basic
pattern matrix is changed from O to (x'-1) (steps S23 and
S23"). In the loop 2, the value y1 representing a y coordinate
on the basic pattern matrix is changed from O to (y'-1) (steps
S24 and S24'). In the loop 3, the value x2 representing an X
coordinate on the basic pattern matrix 1s changed from O to
(x"-1) (step S25 and S25'). In the loop 4, the value x2

representing a y coordinate on the basic pattern matrix is
changed from O to (y"-1) (steps S26 and S26").

In the four loops 1 to 4, the CPU 21 executes the
processing shown by the formula (2). Specifically, the CPU
21 obtains the numerals 1n the individual elements of the
threshold matrix to be created (step S27).

r(x1, yD+s (x2, yv2)—=(x1xx2+4x2, y1xy2+y2) (2)

The threshold matrix i1s created as a result of the process-
ing within the four loops 1 to 4 being finished. The creation
of the threshold matrix 1s performed 1n association with each
of the colors Y, M, C and K.

FIG. 8 shows an example of the threshold matrix created
by the above-described process. The threshold matrix in this
example 1s one created using the basic pattern matrix shown
in FIG. 6A and the arrangement patter matrix shown in FIG.
6B.

With the color printer of the second embodiment, mask
patterns are created utilizing the threshold matrix created by
the above-described process. The processing which the color
printer of the second embodiment carries out after the mask
pattern creating process 1s the same as that of the first
embodiment.

As described above, the threshold matrix can be created
using the basic pattern matrix and an arrangement pattern
matrix, and the mask patterns can be created utilizing the
threshold matrix as created. In this case, the amount of data
prestored 1n the ROM 22 1s smaller than 1n the case of
storing the threshold matrix itself in the ROM 22.

Third Embodiment

The third embodiment of the present invention will now
be described 1n detail, with reference to the accompanying,
drawings.

Explammed 1n the third embodiment 1s a color printer
which can control the number of tones of colors of the pixels
in the 1mage to be printed, in accordance with the capacity

of a mask pattern tone area 13a which can be reserved 1n the
RAM 13.

The structure of the color printer according to the third
embodiment 1s substantially the same as that of the first
embodiment.

The operation of the color printer according to the third
embodiment will now be described.

When the print information 1s sent from a host such as a
personal computer through the parallel interface 27 or the
serial interface 28, the print information 1s stored in the
buffer arca of the RAM 23. Upon receiwving the print
information, the CPU 21 creates mask patterns of the
number according to the gradation information contained in
the print information.

FIG. 7 1s a flowchart showing a mask pattern creating

process executed by the CPU 21 of the color printer of the
third embodiment.

When the process starts, the CPU 21 checks the capacities

of areas which can be reserved 1in the RAM 23 as the mask
pattern areas 23ay, 23am, 23ac and 23ak (step S31). The
CPU 21 determines the number of mask patterns which can
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be stored 1n the areas capable of being reserved as the mask
pattern areas 23ay, 23am, 23ac and 23ck, 1.¢., the number of
tones of colors of the pixels in the image to be printed (step
S32). The processing carried out thereafter is the same as
that of the first embodiment, except that the number of tones
calculated 1n the step S32 1s used 1n the step S12.

In the color printer of the third embodiment, as described
above, the number of tones 1s determined 1n accordance with
the capacities of the areas which can be reserved as the mask
pattern areas 23ay, 23am, 23ac and 23ak. This enables the
cificient use of the RAM 23.

Fourth Embodiment

The fourth embodiment of the present invention will now
be descried with reference to the accompanying drawings.

Explained in the fourth embodiment 1s a color printer
which determines the number of “ON” dots in consideration
of the blur of the toners which occurs when the toners are
transferred to a sheet of paper and wherein apparent varia-
tions 1 the thickness of an 1image describe a curve 1n a graph
in accordance with the gradations in the 1mage.

The structure of the color printer of the fourth embodi-
ment 1s substantially the same as that of the first
embodiment, except that in the case of the color printer of
the fourth embodiment, the toners transferred to a sheet of
paper blur such that the pattern of an 1mage which the toners
have formed on the sheet of paper expands. The toners are
fixed to the sheet of paper by the fixing unit 17 in the state
that the pattern formed by the toners has thus expanded. The
ratio of the area of the pattern at the time of the transfer of
the toners to the area of the pattern at the time of the fixture
of the toners will be hereinafter referred to as the toner blur
ratio.

According to the fourth embodiment, the thickness of any
pixel 1n the 1mage to be printed varies almost linearly in
accordance with the number of “ON” dots until the number
of “ON” dots reaches 50%. In that case, the image thickness
C (%) is represented by the following formula (3):

C=Bxd/D (100<B<200) (3)

where the blur ratio is B (%), the number of “ON” dots 1s d,
and the total number of dots 1s D.

Hence, the blur ratio B can be obtained by measuring the
image thickness C when the ratio of the number of “ON”
dots to the total number of dots 1s 50%. For example, the blur
ratio B 1s 150% 1 the case where the 1mage thickness C 1s
75% when the ratio of the number of “ON” dots to the total
number of dots 1s 50%.

When the ratio of the number of “ON” dots to the total
number of dots 1s 1n a range of 50% to 100%, the 1mage
thickness varies almost linearly. Accordingly, the number of
“ON” dots 1n a target mask pattern 1s represented by the

following formulas (4) and (5):

d=DxC/B(0SC=B/2) (4)

(5)

The operation of the color printer according to the fourth
embodiment will now be described.

When the print information 1s sent from a host such as a
personal computer through the parallel mterface 27 or the
serial interface 28, the print information 1s stored in the
buffer areca of the RAM 23. Upon receiving the print
information, the CPU 21 creates mask patterns of the
number according to the gradation information contained in
the print information.

d=(D/2)x((C~(B/2))/(100-Bx2))+D/2(B/2xC <100)
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FIG. 10 1s a flowchart showing a mask pattern creating
process executed by the CPU 21 of the color printer of to the
fourth embodiment.

In this flowchart, the mask patterns of the number accord-
ing to the gradation information are created 1n association
with each of the colors Y, M, C and K, based on a threshold
matrix stored in the ROM 22 [loop 1 (steps S41 and S41")].

In the loop 1 (the steps S41 and S41'), the CPU 21 reads
out, from that buffer area of the RAM 23 which stores the
oradation information, the tone number specifying the tone
of color of each pixel in the image to be printed, and
substitutes the value obtained by subtracting 1 from the tone
number for a variable G (step S42).

In a loop 2 (steps S43 and S43'), the CPU 21 divides a
ogradation or variable “g” by G, thereby calculating the target
image thickness C, and determines whether the calculated
thickness C is greater or not greater than 0.5 (50%) (step
S44).

When the CPU 21 determines 1n the step S44 that the
thickness C 1s equal to or less than 0.5, it performs the
arithmetic operation shown by the formula (4), thereby to
obtain the number “d” of ON dots (step S45). When the CPU
21 determines in the step S44 that the thickness C 1s greater
than 0.5, 1t performs the arithmetic operation shown by the
formula (5), thereby to obtain the number “d” of ON dots
(step S46).

Then the CPU 21 sequentially changes the values of x and
y, and determines whether to set a dot ON (transfer a toner)
or to set a dot OFF (transfer no toner) in regard to every
combination of (x, y) [loop 3 (steps S47 and S47') and loop
4 (steps S48 and S48'")].

In the loop 3 (the steps S47 and S47') and the loop 4 (the
steps 48 and 48'), the CPU 21 determines whether each of
the numerals t (X, y) in the individual elements forming the
threshold matrix 1s greater or not greater than the number

“d” of ON dots obtained in the step S45 or S46 (step S49).

When the CPU 21 determines in the step S49 that t (x, y)
1s greater than the number “d” of ON dots, it executes no
processing and goes to the steps to be carried out as regards
the next combination of (X, y) shown in the loops 3 and 4.
When the CPU 21 determines in the step 49 that t (x, y) 1s
equal to or less than the number “d” of ON dots, 1t sets ON
the dot specified by the coordinates (X, y) on a mask pattern
to be created (step S50), and goes to the steps to be carried
out as regards the next combination of (X, y) shown in the
loops 3 and 4.

The loops 3 and 4 terminate when the steps S49 and S50
have been executed 1n association with all combinations of
(X, y). The loop 2 terminates when the loop 3 has been
executed 1n association with all values of the gradations “g”.
The loop 1 terminates when the loop 2 has been executed 1n
regard to all of the colors Y, M, C and K. The mask patterns
for Y, M, C and K are created in the above-described
manner, and are stored 1n the mask pattern areas 23ay, 23am,
23ac and 23ak.

FIG. 11A shows an example of the relationship between
the tone of color (expressed in the gradation ratio g/G
herein) of a pixel in the image to be printed and the number
“d” of ON dots according to the above-described process.
FIG. 11B shows an example of the relationship between the
ogradation ratio g/G and the thickness C of a pixel in a printed
image according to the above-described process. In this
example, the number “d” of ON dots 1s varied non-linearly,
as seen 1n the graph of FIG. 11 A wherein the line showing
the relationship bends at the point corresponding to a
gradation ratio of 50%. As the number “d” of ON dots is thus

varied, the thickness C varies almost linearly as shown 1n the
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oraph of FIG. 11B. Shown 1n FIG. 12B for the sake of
comparison 1s the relationship between the gradation ratio
r/G and the thickness C in the case (FIG. 12A) where the
number “d” of ON dots 1s varied linearly 1n relation to the
cgradation ratio g/G. In this example, as seen 1n the graph of
FIG. 12B, the thickness C varies non-linearly before and
after the point corresponding to a gradation ratio of 50%.
In the color printer of the fourth embodiment, as described
above, the number “d” of ON dots 1s determined 1n consid-
eration of the toner blur ratio so that that the gradations
which most approximate to the color tone variations 1n an
image to be printed can be attained in the 1mage as printed.

Fifth Embodiment

The fifth embodiment of the present invention will now be
described with reference to the accompanying drawings.

Explained 1n the fifth embodiment is a color printer which
can perform dithering through the use of a plurality of types
of dither patterns (mask patterns), which are, for example,
center-type dither patterns in which the dots are sequentially

set ON from the centers of the pixels, and dispersion-type
dither patterns 1 which the dots which are set ON dis-

persedly as 1n the case of the first to fourth embodiments
described above.

The structure of the color printer of the fifth embodiment
1s substantially the same as that of the first embodiment,
except that the ROM 22 of the color printer according to the
fifth embodiment stores both a threshold matrix to create
center-type dither patterns and a threshold matrix to create
dispersion-type dither patterns. The ROM 22 also stores the
toner blur ratios corresponding to the individual dither
patterns. The print information sent from a host connected to
the color printer specifies whether to represent gradations
through the use of the center-type dither patterns or whether
to represent gradations through the use of the dispersion-
type dither patterns.

The operation of the color printer according to the fifth
embodiment will now be described. When the print infor-
mation 15 sent from the host such as a personal computer
through the parallel interface 27 or the serial interface 28,
the print information 1s stored in the buifer area of the RAM
23. Upon receiwving the print information, the CPU 21
creates mask patterns of the number corresponding to the
ogradation information contained 1n the print information.

FIG. 13 1s a flowchart showing a mask pattern creating,
process executed by the CPU 21 of the color printer accord-
ing to the fifth embodiment.

When the process starts, the CPU 21 reads out, from that
buffer areca of the RAM 23 which stores the print
information, data specifying the type (the center-type or
dispersion-type) of a dither pattern to be used to print pixels
which form an image in a gradation of colors (step S51). The
CPU 21 reads out from the ROM 22 the toner blur ratio
corresponding to the above dither pattern, and substitutes the
blue ratio for a valuable B (step S52). The steps carried out
thereafter are substantially the same as the steps S41 to S50
explamed 1n the fourth embodiment.

FIG. 14A exemplifies the relationship between the tone of
color (expressed in the gradation ratio g/G herein) of a pixel
in an 1mage to be printed and the thickness C of a pixel in
a printed 1mage when printing 1s performed using a center-
type dither pattern according to the above-described process.
In this example, the toner blur ratio 1s 150%, for example,
and the thickness C varies almost linearly. FIG. 14B exem-
plifies the relationship between the tone of color (the gra-
dation ratio g/GG) of a pixel in an image to be printed and the
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thickness C of a pixel 1n a printed 1mage when printing 1s
performed using a dispersion-type dither pattern under the
condition wherein the toner blur ratio 1s 150%. In this
example, the thickness C varies non-linearly before and after
the point corresponding to a gradation ratio of 50%. FIG.
14C exemplifies the relationship between the tone of color
(the gradation ratio g/G) of a pixel in an 1image to be printed
and the thickness C of a pixel 1n a printed image when
printing 1s performed using a dispersion-type dither pattern
under the condition wherein the toner blur ratio 1s 130%. In
this case, the thickness C varies almost linearly.

According to the color printer of the fifth embodiment, as
described above, the toner blur ratio 1s adjusted 1n accor-
dance with a difference between the dither patterns so that
the gradations which most approximate to the color tone
variations 1n an 1mage to be printed can be attained in the
image as printed, whichever type of dither pattern is
employed.

Modification of the Embodiments

The present mnvention 1s not limited to the first to fifth
embodiments described above, and various modifications
are possible. Modifications of the embodiments of the
present mvention will now be described.

Explained in the above-described embodiments 1s the case
where dithering 1s achieved by setting ON/OFF the dots in
1 pixel. However, the present invention 1s applicable also to
the case where dithering 1s performed 1n consideration of
circumferential dots.

The above-described embodiments are directed to color
printers which print a color image on a sheet of paper by
printing monochrome 1mages in four colors of yellow (Y),
magenta (M), cyan (C) and black (K) so as to be superposed
on one another. However, the number of monochrome
images which are superposed on one another to print a color
image 1s arbitrary. The colors of the monochrome 1mages
superposed on one another are also not limited to four colors
of yellow (Y), magenta (M), cyan (c¢) and black (K). The
present invention 1s applicable also to a printer which prints
an 1mage 1n a single color, insofar as halftones are repre-
sented through dithering.

Explained in the above embodiments are electrophoto-
graphic printers which print a color 1mage on a sheet of
paper through the use of toners in four colors of yellow (Y),
magenta (M), cyan (c¢) and black (K) by printing images in
the 1individual colors so as to be superposed on one another.
However, the present 1invention 1s applicable also to other
types of printers like an 1nk-jet printer and a fusion-type
thermal transfer printer.

In the above embodiments, a dithering method wherein
dithering 1s performed through the use of mask patterns
creased based on a threshold matrix 1s applied to the printers.
However, the dithering method of the present invention 1s
applicable also to the case where an 1mage 1s output to an
image outputting apparatus of another type.

What 1s claimed 1s:

1. A dithering method comprising;:

a matrix storing step of storing 1n a first memory a matrix
of elements serving as pieces of order information for
determining 1n sequential order whether there 1s any
mask 1n each mask location 1n the matrix;

a mask pattern creating step of determining whether there
1s any mask 1n each mask location 1n accordance with
the pieces of order information in said matrix, and
creating mask patterns conforming to a number of
ogradations in an 1mage to be output;
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a dithering step of masking image data with the mask
pattern conforming to one of said gradations which
corresponds to said 1image data; and

an 1mage developing step of developing said 1image data
masked by said dithering step 1n a frame memory.

2. The dithering method according to claim 1, wherein:

said dithering method further comprises a mask pattern
storing step of storing the mask patterns created by said
mask pattern creating step 1n a second memory; and

in said dithering step, of the mask patterns stored in said
second memory by said mask pattern storing step, the
mask pattern conforming to the gradation correspond-
ing to said image data 1s used to mask said 1image data.

3. The dithering method according to claim 1, wherein:

said first memory comprises a nonvolatile storage
medium; and

sald matrix storing step comprises prestoring said matrix
in said nonvolatile storage medium.

4. The dithering method according to claim 1, wherein:

sald matrix includes a basic matrix having elements
serving as pieces of order mnformation and an arrange-
ment matrix having elements serving as pieces of order
information specifying an order in which the elements
of said basic matrix are arranged; and

sald mask pattern creating step comprises:

(a) defining an x1 and y1 coordinate pair respectively
per row and column 1n the basic matrix, defining an
x2 and y2 coordinate pair respectively per row and

column 1n the arrangement matrix, and sequentially
and respectively changing values of x1, y1, x2 and

y2 from O to (x'-1), from O to (y'-1), from 0 to (x"-1)
and from O to (y"-1), where X', y', X" and y" represent
respectively a number of the elements per column 1n
the basic matrix, a number of the elements per
column 1n the arrangement matrix, a number of the
clements per row 1n the basic matrix, and a number
of the elements per row 1n the arrangement matrix;

(b) calculating a value of r(x1, y1)+s(x2, y2), in each
process of changing the values of x1, y1, X2 and y2,
where r(x1, y1) and s(x2, y2) are values which are
represented by the elements serving as the order
information respectively 1n the coordinate pairs of
the basic and arrangement matrices;

(¢) substituting as order information the values calcu-
lated in the step (b) for elements each in a predeter-
mined location of a matrix having an “n” (x'xx")
number of elements 1n a column direction and an
“m” number (y'xy") of elements in a row direction;
and

(d) using the matrix in which the order information are
substituted for all of the elements in the step (c),
determining whether there 1s any mask 1n each mask
location 1n accordance with the pieces of order
information in the matrix, and creating mask patterns
conforming to a number of gradations 1n the 1mage
to be output.

5. The dithering method according to claim 1, wherein:

said dithering method further comprises: (i) a checking
step of checking, in said mask pattern storing step, a
storage capacity of said second memory which can
store said mask patterns, and (i1) a gradation number
determining step of determining the number of grada-
tions which corresponds to the number of mask patterns
said second memory can store with the storage capacity
checked by said checking step; and

said mask pattern creating step comprises creating mask
patterns of the number determined by said gradation
number determining step.
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6. A printing apparatus comprising;:
a first memory for storing a matrix of elements serving as
pieces of order information for determining 1n sequen-

tial order whether there 1s any mask in each mask
location 1n the matrix;

mask pattern creating means for determining whether
there 1s any mask 1n each mask location 1n accordance
with the pieces of order information 1n said matrix
stored 1n said first memory, and for creating mask
patterns conforming to a number of gradations 1n an
image to be output;

a second memory for storing the mask patterns created by
said mask pattern creating means;

mask means for masking image data input from a host
apparatus with the mask pattern conforming to one of
said gradations which corresponds to said 1mage data;

a frame memory 1n which said image data masked by said
mask means 1s developed; and

printing means for printing on a sheetlike recording
medium an 1mage represented by said image data
developed 1n said frame memory.

7. The printing apparatus according to claim 6, wherein:

said frame memory 1ncludes a plurality of frame memo-
ries 1n which 1image data items showing different colors
are developed;

said first memory stores, 1n association with said different
colors, a plurality of matrices each having elements
serving as pieces ol imnformation;

said mask pattern creating means creates a plurality of
mask patterns for each of said different colors by using
said plurality of matrices stored 1n said first memory;

said mask means masks each of said 1image data items
developed 1n said plurality of frame memories with the
mask patterns created for the color shown by each said
image data item; and

said printing means prints a plurality of 1mages on said
recording medium 1n a superposed manner on one
another, said plurality of 1mages corresponding to said
image data items developed 1n said plurality of frame
memories and which show said different colors.

8. The printing apparatus according to claim 6, wherein:

said matrix includes a basic matrix having elements
serving as pieces of order information and an arrange-
ment matrix having elements serving as pieces of order
information specitying an order in which the elements
of said basic matrix are arranged; and

said mask pattern creating means comprises means for:

(a) defining an x1 and y1 coordinate pair respectively
per row and column 1n the basic matrix, defining an
x2 and y2 coordinate pair respectively per row and
column 1n the arrangement matrix, and sequentially
and respectively changing values of x1, y1, x2 and
y2 from O to (x'-1), from O to (y'-1), from 0 to (x"-1)
and from O to (y"-1), where x', y', x" and y" represent
respectively a number of the elements per column in
the basic matrix, a number of the elements per
column 1n the arrangement matrix, a number of the
clements per row 1n the basic matrix, and a number
of the elements per row 1n the arrangement matrix;

(b) calculating a value of r(x1, y1)+s(x2, y2), in each
process of changing the values of x1, y1, x2 and y2,
where r(x1, y1) and s(x2, y2) are values which are
represented by the elements serving as the order
information respectively 1n the coordinate pairs of
the basic and arrangement matrices;
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(¢) substituting as order information the values calcu-
lated in the step (b) for elements each in a predeter-
mined location of a matrix having an “n” (x'xx")
number of elements 1n a column direction and an
“m” number (y'xy") of elements in a row direction;
and

(d) using the matrix in which the order information are
substituted for all of the elements in the step (c),
determining whether there 1s any mask in each mask
location 1n accordance with the pieces of order
information in the matrix, and creating mask patterns
conforming to a number of gradations in the 1mage

to be output.
9. The printing apparatus according to claim 8, wherein:

said 1image data mput from said host apparatus represent
pixels, each of which corresponds to some of dots
forming the output 1image;

said printing apparatus further comprises discriminating
means for discriminating a number of dots per column
and a number of dots per row, corresponding to one of
said pixels;

said matrix includes a plurality of arrangement matrices

respectively comprising different numbers of elements
per column and row; and

salid mask pattern creating means selectively uses from
the plurality of arrangement matrices an arrangement
matrix comprising numbers of elements per column
and row, said numbers being obtained by dividing the
numbers of dots per column and row respectively by
the numbers of element per column and row 1n the basic
matrix.

10. The printing apparatus according to claim 6, wherein:

said printing apparatus further comprises: (i) checking
means for checking a storage capacity of said second
memory, and (i1) gradation number determining means
for determining the number of gradations which cor-
responds to the number of mask patterns said second
memory can store with the storage capacity checked by
said checking means; and

said mask pattern creating means creates mask patterns of
the number determined by said gradation number deter-
mining means.

11. The printing apparatus according to claim 6, wherein
sald mask pattern creating means 1ncludes adjusting means
for adjusting said created mask patterns so that the image
which 1s printed on said recording medium conforms in
oradation to the 1image to be printed.

12. The printing apparatus according to claim 11,
wherein:

said first memory stores a plurality of matrices and pieces
of adjustment information in association with each
other, said plurality of matrices being different from
cach other 1n an arrangement of their elements, and said
pieces of adjustment information being used for adjust-
ing said mask patterns so that the image which 1is
printed on said recording medium conforms in grada-
tion to the 1mage to be printed; and

said adjusting means adjusts said mask patterns 1n accor-
dance with said pieces of adjustment information.
13. The printing apparatus according to claim 6, wherein:

said first memory comprises a nonvolatile storage
medium; and

said second memory comprises a volatile storage
medium.
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14. The printing apparatus according to claim 6, wherein:

said first memory stores a plurality of matrices of ele-
ments serving as pieces of order information for each
color of pigments in the image to be printed by said
printing means;

said mask pattern creating means creates a plurality of
mask patterns in accordance with matrices of element
serving as the order information and respectively cor-
responding colors, for each color of the pigments 1n the
image to be printed by said printing means; and

said mask means masks 1image data corresponding to each
color of the pigments 1n the 1mage to be printed by said
printing means, using a mask pattern conforming to a
number of gradations corresponding to 1mage data
representing a corresponding color.

15. The printing apparatus according to claim 6, further

comprising;

image thickness calculating means for calculating a thick-
ness of the image to be printed on the recording
medium by said printing means;

thickness range determining means for determining a
range of the thickness calculated by said image thick-
ness calculating means; and

mask location number calculating means for calculating a
number of mask locations using a given formula for
cach range of thickness determined by said thickness
range determining means;

wherein said mask pattern creating means determines
whether there 1s any mask 1n each mask location based
on the pieces of order information 1n accordance with
the number of mask locations calculated by said cal-
culating means, when creating each of the plurality of
mask patterns.

16. The printing apparatus according to claim 6, wherein:

said second memory 1s formed by said processor securing
an area on a nonvolatile storage medium; and

sa1d processor checks a storage capacity of the nonvolatile
storage medium which can be secured as said second
memory, determines a number of mask patterns which
are possibly stored for the checked storage capacity,
creates the mask patterns for the determined number,
and stores the created mask patterns 1n said second
memory.

17. A printing apparatus for printing a halftone 1image on

a sheetlike recording medium, said apparatus comprising:

an mput interface for 1nputting print information includ-
ing gradation information for printing an image on the
sheetlike recording medium;

a first memory for storing a matrix of elements serving as
pieces of order information for determining 1n sequen-
tial order whether there 1s any mask in each mask
location 1n the matrix;

10

15

20

25

30

35

40

45

50

20

a second memory for storing mask patterns which are
created based on the matrix;

a third memory for developing printed 1mage data created
based on the print information;

a processor which 1s connected to said first memory, said
second memory, said third memory and said input
interface via a signal line, and which creates the mask
patterns to be stored in said second memory and the
printed 1mage data to be developed by said third
memory; and

an output interface, which 1s connected to said third
memory via the signal line, for outputting to a printer
engine the printed image data which 1s developed by
said third memory;

wherein said processor: (1) determines whether there is
any mask 1n each mask location in accordance with the
matrix of elements serving as the pieces of order
information stored 1n said first memory, and creates a
number of mask patterns which conforms to a number
of gradations 1n an 1mage to be printed based on the
print information input from said input interface,
thereby storing the created mask patterns 1n said second
memory, and (ii) uses, of the plurality of mask patterns
stored 1n said second memory, a mask pattern conform-
ing to one of gradations of image data included 1n the
print information, creates the printed image data by
masking the image data, and develops the created
image data 1n said third memory.

18. The printing apparatus according to claim 17,

wherein:

said first memory stores a plurality of matrices of ele-
ments serving as pieces of order information, for each
color of pigments 1n the 1mage to be printed by the
printer engine;

sald second memory includes a plurality of areas for
storing mask patterns each corresponding to each color
of the pigments 1n the 1mage to be printed by the printer
engine;

said third memory includes a plurality of areas for devel-

oping printed 1mage data for each color of the pigments
in the 1mage to be printed by the printer engine; and

said processor: (1) creates a plurality of mask patterns for
cach color of the pigments 1n the 1mage to be printed by
the printer engine and stores the created mask patterns
in the plurality of areas of said second memory, and (i1)
masks 1mage data by using the mask patterns stored 1n
the areas corresponding to respective colors, and cre-
ates printed 1mage data representing corresponding,
colors, for each color of the pigments in the 1mage to
be printed by the printer engine, thereby developing the
printed 1mage data in each area of said third memory.



	Front Page
	Drawings
	Specification
	Claims

